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XLI I I .  Extract from a Memoir entitled '~ Cons~deratlon$ 
on Colours~ and several of their singular zlppearances." 
Bead in the A[athcanatieal nd Pl~jsical Class of" the 
French National instituiej I/-eutose 1"$, An 13. By 
C.A.  PRIEUR% 
ThE author of tlfis memoir endeavours to account for 
several phmnomena which appear to him not to have .been 
beibre properly explained : or, rather, his object is to give 
a general theory, by th~ help.of which all the cases of co- 
]oured appearances, and even the most singular, may be 
referred to certain principles. 
He sets out from known opinions in regard to the diffe* 
rent kinds of luminous rays ; on the mixture resulting from 
several.of these rays taken at different places of the solar" 
spectrum, and among others on that very remarkable case 
when the rays are so chosen that their umon produces on 
the organ of sight the sensation of whitenes% even if two 
kinds of rays only be employed. 
For these ideas we are indebted to the diseox eries of the 
immortal Newton; and thev flow immediately from the 
method which he proposed'fbr determining what colour 
will be obtained from the mixture of any gtven quantities 
of other cotours. 
If we are desirous of comprehending fully what takes 
place in the vision of colours, it is first indispensably ne- 
cessary that We should be familiarised with knowing the 
Y . . .g  shades composed of different simple ra s, and with fbrmin 
correct ideas of black and u hire, and the comphcatmn whmh 
they produce in coloUred appearances ; and in particular ~o 
make ourselves acquainted with the correspondence of co- 
lours, which, taken two and two in a certain order, are sus- 
ceptible of tbrming, bv their union, white o~ any other 
complex shade at pleasu'r~. 
Two colours which have this kind of relation are called 
coraplementary colours ; one of thorn b~ing given, the de- 
termination of the other may be mad% with more or less 
precision, by experience, calculation, or mere reasoning 
and the consideration f them may be applied with much 
utility to a great number of eases, as will be seen hereafter. 
Several details are here given, w, hich those versed irt 
optics~ or habitually acquainted w~th the mixture of co- 
lours, may readily supply: besides, the rest of the me- 
# From the JoTtrnal de Chimie, No. 160. 
VO.L. ~e. No. SS. Sept. lsoh. T molt, 
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~90 Considerations on Colours, 
moir, of which we have undertaken to give an account, 
will afford us an opportunity of mentioning what will be 
most necessary for ..~lderstanding the subject. 
These preliminary observations are tbllowed by some re- 
marks on contrasts. The author employs th~s word to 
characterize the effect of the simultaneous vision of two 
substances of different eolours when brought together 
under certain circumstances, q'he contrast here, then, is a 
comparison, from which there results a sensation of some 
difference, great or small. It is very generally known, 
and painters know it well, that a eoloured matter which 
occupies a pretty extensive space, and brought near to, or 
surrounded by, some other eolour, has not the same appear- 
ance as when it has near it other eolours. But whence 
does this difference arise ? 
Before we answer thig question, let us make an essential 
distinction. It either relates to homogeneous colours, that 
is to say, formed of one kind of rays, or to complex eolours, 
arising from a mixture of heterogeneous rays, that is to say~ 
composed of different sorts. 
In regard to the first case, it must be confessed that we 
are ignorant whether the bringing together different simple 
eolours would produce any alteration in their respective 
appearance. As one can rarely enjoy the sight of sueh 
colorations, and as it is not easy to dispose of them to our 
wish~ no experiments have yet been made on their contrasts. 
This subject, however~ deserves to be studied. 
In regard to the cases of eompound eolours, (which is 
that of almost all the natural or artificial bodie% as the au- 
thor shows in the sequel of his memoir,) the new colours 
manifested by the contrast are always eonfbrmable to the 
shade which would be obtained by suppressing from the 
eolour proper to one of the bodies, the rays analogous to 
the eolour of the other body. 
Thus, if we place on red paper a small slip of paper 
painted of an orange colour, it will appear almost yellow. 
Removed then to yellow pal~er, the same orange slip will 
become almost red. After this, if it be put upon violet pa- 
per, it will resume a yellowish shade, but different from the 
preceding; and~ in the las"t place, applied to green paper 
it wilt assume a new degree of a red,colour. 
The explanation of these examples according to the pro- 
posed rule is easy, if we suppose that the orange eolour of 
the small slip observed arises (as is eommomy the case) 
from an union of all the kinds of rays except he blues. 
A multitude of combinations of coqours placed thus 
above 
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and seT~eral of their silTgular zlppearances. ~91 
above each other p~oduee the colour of contrast indicated 
by the rule. here given ; but there are several circumstances 
which render the effect of it more striking, or modify the 
result. 
It sometimes depends on the degree of the brightness 
with which the observed bodies are affected : they may be 
unifbrmly.illuminated, or one of them more than the rest. 
The quanuty of light which has entered simultaneously into 
the eye bv the whole field of vision has als6 all iutiucnce. 
I f  the;bodies consist of several rows, like a series of" decreas- 
ing circles placed one within the other, the colours of each 
will re-act respectively on each other. _At each junction 
there will be on both sides a border coloured by the con- 
trast-of the neighbouring body : these borders will extend 
more or less according to the splendour of the objects: The 
effect of one may become dull, or extinguish all the rest. 
The eolours o]: contrast show themselves also with ihore 
vivacity after some moments of observation, or if the o~- 
jects have been agitated a little, as if to make them move 
slowly over the retina. It would appear thai; a certain fa- 
tigue of the eye, either instantaneous in regardto the inten- 
sity of the light, or more slowly by prolonged vision, con- 
curs to produce the appearances in question. But exces- 
sive fatigue of that organ would occasion a degeneration f
the colours belonging to another mode. 
We ought nob then, to refer to contrasts those impres- 
sions mentioned by Epinus, which are propagated in the 
eye with a certain duration and a particular period of shades, 
when one has looked with intensity at a very brilliant light, 
such as that of the sun. 
But the eolours'ealled by Buffon accidental, and respect- 
ing which Scherfer has given an interesting memoir, belong 
to the class of contrastsi or at l~ast cbnstantly follow the 
same law. 
Coloured shadows are also a ph~enomenon f the same 
kind, Count Rumfbrd has placed this truth beyond all 
doubt in two rnemoirs, in which he has treated this st:hject 
in an interesting manner *. 
The authbr of that which we here analyse is of opinion, 
that we m~st ascribe also to contrasts those appearances of
the solar light received through a hole in a ~zolouted cur- 
tain, which general Meusnier rem:frked in consequence of
their singularity. He assimilates to this alsoseveral cases 
of colours exhibited by opals, or more gencraily by bodies 
q' Philosophical Essays, vo}. i. p. 819 et seq. 1E0~2, London edit. 
T ~ containing 
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~ Considerations on Colo~s, 
containing sensibly opake parts disseminated throughout 
pellucid s~ibstance. By the same reasons he explains the 
cotours under which she grayish dust collected ~y age on 
old paper or coloured stuffs shows itself, and deduces the 
same consequences in regard to the blueish appearance of
the veins of the humari body. 
He proposes, likewise, a new method of rendering Wry 
sensible the colours of contrasts more lively even than. by 
the known process of accidental colours, and yet without 
occasioning extraordinary fatigue to the eye. The latter 
condition is of importance, for it is known that it is dan- 
gerous to expose to forced exercise an organ so delicate as 
tile eye. 
This method consists imply (when one is in an apart- 
ment and in the open light) in placing before the window 
the painted pieces of paper on which you intend to observe 
the contrast% as in the example b fbre mentioned. .As the 
cotoured paper, then, which serves as a field has a semi- 
transparency, and by these means is more illuminated, 
while the small band of another colour placed over it )% on 
account of the double thickness, more opake and in the 
shade ; the colour arising from the contrast becomes thus 
more strikin~r. 
It is this ~sposition which produces the singularly strlk- 
ingr effect of the. contrast oi ~ a small piece of white, card ap- 
plied successwely to paper, glass, or stuff of any colour 
whatever. When the transparent body is red, the opake 
white appears of a blueish green ; it is then seen decidedly 
blue if the ground be orange ; then of a sort of violet on a 
]fellow ground, or green on-crimson, &c. ; always accord- 
mg to the exact correspondence of the complementary co- 
lours. 
i t  is here to be observed, that according to the rule in- 
dicated, if from the white which is formed by the union 
of all the co|oured rays we suppress, fbr example, the red 
rays, th~ remaining bundle ought to be seen under the co- 
tour of a very pale blueish green ; but as the small white 
piece in the preceding experiment is in the shade, the black 
which results from it mav be of the degree proper fbr d~- 
stroying the effect of the ~.vhile, and then the blueish gree~ 
appears of a bright shade. The same reasoning is appli- 
cable to the cases of all the other colours. 
To produce well the effects here announced, in repeating 
these experiments, it is necessary, when the Opportunity of 
clear weather.has been obtaiued~ to guardagainst the reflec- 
tions of neigl~bouringbodies, and against double eonffasts. 
Thu~s 
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and several of their singular Appearances. 99a 
Thus, when the bright light conveyed through a window 
surrounds the transparent paper, it may increase very sensibly 
the splendour of the col<mr of contrast, or injure it by pro- 
ducing another shade according to the eolours of the bodies 
subjected to observation. In / t  word, one may al~/,ays re- 
move this inconvenience by concealing the troublesomo 
objects by a piece of black p~teboard or sttlff, or by look- 
ing through a blackened tube which confines the field-of 
sight to the extent necessary. 
This.knowledge of cbntrasts may be applied with great 
advantage to those arts which have a relation to colours. 
The painter knows that one cannot be placed indifferently" 
in the neighbourhood of another. But when one knows 
the law to which their re-action is subject, one knows bet- 
ler what mu~t be avoided or done to increase the splendour 
of the colour which it is necessary to heighten : a sticeessive 
comparison of them furnishes also valuable indications ia 
regard to their nature or their composition. This is what 
the author himself put in practice with advantage, in his 
manufactory of eolours and paper-hangings. 
These considerations irl regard to eontrasts led him to 
the examination of a very singular ease proposed and treated 
~f by Monge with his usual sagacity* ; namely, the white 
appearance under which a eoloured body is sometimes eer, 
• .~l~en viewed through a piece of glass of the same colour ; 
some uncertainty remain~ in re~ard to the circumstances 
really necessary fbr producing thins effect.. The author de- 
.termines them by the help of h~s particular experiments, 
and enumerates tl~ose which have a favourable influence, or 
the contrary. He concludes that, whets one experiences 
the sensation of whiteness in these eases, it arises.merely 
from the action of contrasts, by which the impression of the 
~olour is lessened or annulled, while that of a certain bright- 
hess still exists, and ia remarked hy the opposition of a 
greater degree of obscurity. This manner of considering 
the subject leads to a, new definition of whiteness, in which 
there is certainly nothing repugnant : white to us is the sen- 
• ation of light when z~o particul~w colour predaraiaates or is 
perceived. 
In the subsequent part of his memoir the a~thor employs 
laimself in pari.icular witk the colo.ratiol~ of different opak~ 
or transparent bodies ; that is to. say, he endeavours to dis- 
cover what are those luminous rays wlfieh any .eoloured~ 
body is really susceptible of reflecting or transla~4ttmg, 
.~n~,I, es de Chlmie, tom. ii~ 
T 3 Hi~ 
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~94 Oonslderations on Go!ours, 
His means of making experiments are simple. I f  the 
body, be opake, it is placed on a piece of black stuff in order 
to be observed with the prism. He endeavours to give it a 
rectangular form ; or, if it is not susceptible of bem~ cut, 
it is covered with a piece of black pasteboard pierceawith 
a hole of that fbrm. The coloured fi'inges, then, manifgsted 
on the two opposi'te dges indicate the kind of rays which 
are reflected, and consequently those which are absorbed 
when the nature of the illuminating bundle is known ; on 
which, it is still to be remarked that, as the fringes them- 
selves are of eomplex shades , we must separate the simple._ 
kinds. When a p~ rson has had some practice, a bare in, 
speetion will be sui-ficient. He may be formed to this habit l 
and'.ti~e want of it mav be suppIied b+ guiding himself by 
cards representing eaet{ kind of  rays placed over each other 
" - -  " /o"  - -  " e m order, removm~ hem gradually agreeably to the differ nt 
refrangibility; or he ma 9 employ a plate or board, con- 
structed aeeording to Newton's method, for determh!ing 
the shades composed of different elementary co!ours. 
If  the body subjected to examination be diaphanous, it
wilt be proper to view it through the aperture of the Card 
befbre spoken of, in order to exclude xtraneous light, in 
such a manner that the prism may show the fringes. Also, 
by placing yourself' i'n the dark, a flame such as that of a 
wax taper will show through the transparent body, and, 
by the help of the prism, a s~eries of eoloured images eorre- 
s ondin to the ra s transmitted. p g . Y 
By proeeedmg m this manner, the author found that 
many opake bodies which he had at hand of different kinds 
and of all eolours, either yellow; orange, or red ; or green, 
bhie, or violet, were indebted for their eoloured appearance 
to the following ex~ilditions : 
1st, Each of the l~odies ahvays absorbs rays of the com.. 
plcmentary kind of the pre.s;ailing eolour. 
2d, The absorption, in regard to stone of them, compre- 
hends, besides the complementary kind, other ays colla- 
teral to that species, and more or less numerous. 
sd, The darker the same colour is, the fewer kinds of 
reflected rays it presents. 
it must here be understood that we do not allude to 
mixed eolours, but only to those which fbrm a homoge- 
neous compound or a real combination, according to the 
meaning attached by chemists to that word. It is also to 
be remarked, that we must not confound the colour reflected 
from the interior of"/he moleculaz susceptible of" bright or 
dark shades with the light sent back from the anterior sur- 
8 .face. 
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and several of their singular Appearances. 295 
faee of the b~dy. Though the latter overcharges more or 
less the proper eolour, it is, however, easy to lessen the 
effects of it, and to distinguish them in experiments. 
Another emark proper to be made is~ that the expression 
predominating eolour ght not to sigfiify that the rays of 
that eolour are more abundant than the rest : this would be 
all error. Several kinds of rays may co-exist in the bundl~ 
which produces the co]our, without any kind bein% on 
that account, more abundant. Strictly speaking, a]~l the 
elements of the bundle are dissimilar, and consequently 
none of them is in greater quantity. But the general tone 
of the eolour remains analoo_-ous to that of the rays distin- 
guished by the name ofpredo~imiting. Hence it is proper 
to retain {his expression, provided an exaggerated significa- 
tion be not given to it. 
The author observed also transparent bodies, such as 
glass of different eolours, and liquors contained in a flask 
having two broad parallel fhees. By these he found a law 
of absorption similar to that of opake bodies~ but still more 
striking, and w~thout any ambiguity. 
This law is constantly regular. It depends on the pecu- 
liar nature of the body which receives the light, and on its 
density and thickness. It is also determined by the light 
of the illuminating body, either in regard to its fbree~ or to 
the two kinds of rays which compose ~t. 
The absorption always begins with the rays most o~posite 
to the predominating eolour of the illuminated boa)'. It 
continues by those which are next in the order indicated 
by the spectrum. It thus extends gradually, and never by 
jumps, to the last kind: consequently the body becomes 
more and more obscure, and always terminates by being 
black. Sometimes it extends from one ,side only of the 
first rays absorbed ; sometimes on both sides at the same 
time; and it there proeeed~ either by an equal progress 
from the right and left, or by advancing more rapidly on 
one of the sides. 
If each element be separately varied, there will be in the 
effects a peculiar progression. "l'h~,t depending on the densi- 
ties is not always similar to that arising fi'oIn the changes 
of thickness. By receiving also on the same body different 
kinds of light, the progress of the absorption is differently 
modified, and consequently the eolours changed. 
The author quotes examples of all these eases. He de- 
~'ives them from the numerous experiments which he made 
with eoloured glass, with acid or alkaline metallic solu- 
tions~ w~th the liquid tinctures of infusions or vegetabl~ 
T 4 decoctions. 
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~96 Considerations on Co[ours~ 
decoctions. They exhibited curious peculiarities ; but we 
shall not,detail them, both for the sake of brevity, and be- 
cause they may be easi!y tried. 
In short, very important consequences in regard to the 
reciprocal action of bodies and light arise from the wl~ole 
of these observations, and perhaps they will throw some 
light on the grand question f the cause to which their per- 
manent co[our~ ought to be ascribed. 
After these researches the author concludes with an exa- 
mination of different ph~enomena of various kinds. Pie 
indicates the modifications experienced in their coloration 
by burning coals at different degrees of incandescence. His 
remarks are applicable also to other bodies, such as iron in 
a state of ignition, or a lone" series of reverberated lamps 
seen durin~ fo,~v weather, ora white light seen through a 
piece of glass~b~]ackened IOv nm~ressive strata of  smoke. 
In all these eases~ the eolours neeessardy pass through a 
serifis of shades, which proceed from white to yellow, to 
orange and to red, more and more dark; the reason of which 
he exp!ains. 
Metallic oxides have also'a gradation of sl%de~ according 
to the proportion of oxygen. A certain continued alkera- 
tion i~ vegetation produces one in some of the parts of 
plants. ]'he arts or chemical processes present one also 
under a multitude of circumstances. 
The mgnufacturer may, with advantage, derive fiom them 
indications either in regard to the progress of combinations, 
or to enable him to judge of the moment proper for per- 
forming certain operations of his labours. 
The author then dwells more particularly on the appear- 
ance of the eoloured clouds, andespeeiail3i those seen neat 
the time of the rising and settin~ of the sun. This ph~e- 
nomenon, so generally known, ha'~ hitherto never been ex- 
plained, though the ablest philosophers had made it an ob- 
ject of their research. 
It does not arise from the refraction of the rays of the 
sun, but the successive absorption of these rays when they 
strike the lower parts of the atmosphere and those most 
charged with vapours: 
This absorption follow.~ laws,analogous to those alr ady 
mentioned. As.the quantity of the vapours, and even their 
nature, are not similar for two days in succession, this irre- 
gularity prod uees corresponding differences in their effects. 
In general, the first rays attacked by these'vapours are 
blue. approaching to violet. Soon after, they abso~'b the 
eonaguous rays, gaining With more rapidity the blues pro- 
perly 
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and sev~rtd of their singular dppea~'ances. ~7 
Pherly so called, then the greens and yellows, and continuing 
t us to the red : hence the yellowish, orange, and red co- 
]ours, under which the clouds .appear. This p~riod of 
shades, namely, the evening, manifests itself" gradually in 
proportion as the sun approaches the horizon. Terrestrial 
objects, the part of the air near the sun, and even that lu- 
minary itself; are tinged with the same shades. When his 
rays can be received on a prism, it is seen that the rays 
really absorbed (5ortespond to the general coloration f the 
moment. 
In consequence of the successi-ce increase and density of 
the vapours traversed by the light, clouds differently placed 
must at the same instant be tinged of different coIours. 
The highest may be whire, while the r st, at a less elevation, 
will be yellow, and others still lower will be proportionally 
redder. At an equal elevation, the" most distant from the 
point where tile sun sets will incline to red, and the nearest 
to yellow. 
One may then see on bodies naturally white, blue or  
green shadows, asBuffon and other philosophers have re- 
marked. They are only', as has been already said, the 
effect of the contrast of the actual colour of' theilluminated 
/ffid the obset~re part. 
Contrasts may also render eomplez¢ the colour of the 
cIouds; for example, when a great portion of the heavens 
a[aows a blue colour. There are some the colour of which 
~irises merely from this cause, and some are observed some- 
times durir~ the day by those who are on a high mountain, 
or in any other situation which secures the eye from the too 
strong direct or reverberated action of the solar light ; but 
in this case the clouds have only a yellowish shade, xactly 
bf the complementary dolour of the sky-blue. 
It is under a Similar colour that the moon is sometimes 
~en, when she is very high, a little'before or after the suA 
laas passed the horizon. It seems, also, that she appears 
fhus, or even altogether white, when there xist at the same 
~me in the atmosphere clouds variously coloured by the 
vapours of the east or the west. By this concourse of eir- 
6amstanees we have a new proof of the difference of the 
causes to which these colorations are owing. 
We must remark, in the last place, that by the irregu- 
larity of terrestrial localities, and the state of the atmo- 
sphere, these phmnomena may be concealed, or subject o 
different interruptions. In our climates, the coloration of 
the clouds tbr the most part does not attain to its utmost 
term. OrL certain eveningsj however, if the sky is very se- 
re t ie  
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208 Considerations nn Colours~ e.  
rene towards the part corresponding 1othe sun, and if there 
be over our heads any of those light clouds which are ex- 
ceedingly high, they will be seen at a later periQd,elothed 
with a brilliant red, heightened by tile diminution of the 
light on the earth, soon after darkened~ and at length ex- 
tinguished in the shade. 
CONCLUSIOn.  
Notwithstanding• . the many fine discoveries aIready made 
in regard to hght, the theory of the production of eolours 
has not yet acquired that generality which renders it appli- 
cable to all eases, and to that simplicity of principles to 
which we are always conducted when we discover the real 
laws of nature. Many phaenomena have never been ex- 
plained ; and the explanation given to several necessarily 
requires to he rectified. The author proposes to establish 
changes in theory, the want of which he points out. He 
founds his reasoning partly on the doctrine and factsgene- 
rally admitted, and partly on other information less diffused, 
though long know% andon his own observations. But he 
is far from flattering himself with the idea of having pre- 
sented these objects properly in a sketch such as this me- 
moir. He even was soon sensible that, a subject so exten- 
sive and complex would require more time and labour. 
To fill up many vacuities, to develop several points, and 
to rectify and extend others by researche% new experi- 
ments, and profound reflection~--such is the ample task of 
improvement. I f  his health and occupations permit, he 
wilt endeavour to undertake it. 
It would be of utility, and also just~ to give at ~ the same 
time a short account of what we are indebted to the great 
l~Iewton, who opened this career ir~ so admirable a manners; 
and to the philosophers who have discovered new points, 
and removed ifficulties. Greater precision ought also to 
be employed in the language relating to co!ours, proportioned 
to the increase of our knowledge, and the present state or 
science and the arts. In a word, it would not be too mueh~ 
in such a branch of science, to add the resources of calcula- 
tion an.d geometry to all the riches of experience, andj if 
possible, to the advantages of the be~t method. 
XLIV. On 
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